Aim: Until now, the association between subepicardial adipose tissue (SAT), insulin resistance and intima-media thickness (IMT) has not been evaluated in obese children. In this study, we evaluated whether echocardiographic SAT is related to insulin resistance and IMT in obese children. Subjects and Methods: A total of 46 obese subjects (10.2 ± 2.5 years of age, 25 male patients) and 30 age-and gendermatched lean subjects (10.8±3.1 years of age, 13 male patients) were included in this study. The criterion for diagnosing obesity was defined as the body mass index (BMI) being over 97% percentile of the same gender and age. Serum triglyceride (TG), low-and high-density lipoprotein, cholesterol, glucose and insulin levels were measured during the fasting state. Each subject underwent a transthoracic echocardiogram and the SAT thickness was measured during end-diastole from the parasternal long-axis views. Results: The obese subjects had significantly higher SAT thickness and IMT values compared with the subjects in the control group (5.7±1.4 vs 3.0±0.7 mm, 0.78±0.15 vs 0.51±0.11 mm, P ¼ 0.001, respectively). Simple linear regression analysis showed no significant correlation between SAT and insulin resistance (r ¼ 0.170, P ¼ 0.253), whereas there was significant correlation between SAT and BMI, age and IMT (r ¼ 0.625, P ¼ 0.02, r ¼ 0.589, P ¼ 0.001, r ¼ 0.343, P ¼ 0.02, respectively). As an optimal cutoff point, a SAT thickness of 4.1 mm determined insulin resistance with 90% sensitivity and 61% specificity. Conclusions: Our study showed that SAT was significantly correlated with age, BMI and IMT, but not insulin resistance. However, our findings suggest that a 4.1 mm cutoff of SAT thickness might be used as a simple, inexpensive and non-invasive screening method because of its ability to predict insulin resistance with high sensitivity in obese children.
Introduction
Visceral adiposity seems to play a key role in the development of obesity-related complications. 1 However, it is difficult to obtain an accurate measurement and characterization of visceral adipose tissue. 2, 3 Until now, several simple (waist circumference) and non-simple (magnetic resonance imaging, computed tomography) methods have been applied for estimation of body composition and visceral adipose tissue accumulation. 4 Recently, echocardiographic subepicardial adipose tissue (SAT) measurement has been proposed and validated as a new method to estimate visceral adipose tissue. 1, 4 It was reported that SAT thickness was significantly correlated with the severity of coronary artery disease and could be easily obtained as an indicator in patients with high cardiovascular risk. 1, 4, 5 In addition, recent reports have shown that SAT expresses numerous genes for cytokines and proteins associated with atherosclerosis. 6, 7 Furthermore, SAT thickness was shown to be related to fasting glucose, insulin resistance and inflammation. 8, 9 Therefore, we think that echocardiographic SAT thickness evaluation might be important for risk stratification of obesity-related complications in obese children as well as obese adult patients.
An association between echocardiographic SAT thickness and anthropometric and laboratory values has been reported in obese adult patient studies, but it has not yet been explored in obese children. For this reason, this study was designed to assess the association between SAT, anthropometric (body mass index (BMI), carotid intima-media thickness (IMT), systolic and diastolic blood pressures) and laboratory (lipid profile, fasting glucose, insulin and insulin resistance) parameters.
Subjects and methods
This prospective observational study was conducted in the Department of Pediatric Endocrinology in Gulhane Military Medical Academy. All of the participants were recruited from patients who had been referred for evaluation of obesity.
Forty-six obese subjects (10.2 ± 2.5 years of age, 25 male patients) were included in the study and were compared with 30 lean subjects (10.8±3.1 years of age, 13 male patients) matched for age and sex.
Obesity was defined according to the BMI497th percentile using the definition of the International Task Force of Obesity in Childhood and population-specific data. 10, 11 The degree of obesity was quantified using Cole's least mean square method, which normalizes BMI skewed distribution and expresses BMI as an SD score. This measure gives ageand sex-specific estimates of the distribution median, the coefficient of variation and the degree of skewness by a maximum likelihood fitting technique. Age-and gender-matched children without obesity (BMIo85th percentile for age and gender) attending the outpatient department for minor illnesses were included as lean subjects. Obese children did not differ significantly from normal-weight children in age, sex and pubertal stage. The subjects underwent detailed physical examination (including evaluation for syndromes and endocrine diseases) and laboratory evaluation (thyroid function tests and diurnal variation of cortisol), and children with syndromal (Prader Willi, Laurence-Moon Biedle syndrome, etc) and endocrine causes (Cushing's Syndrome, hypothyroidism, etc) of obesity were excluded. None of the subjects was taking drugs or had a history or evidence of metabolic, cardiovascular, respiratory or hepatic disease.
Standing height (cm) was measured to the nearest 0.1 cm with a Harpenden fixed stadiometer and body weight (kg) on a SECA balance scale to the nearest 0.1 kg, with subjects dressed in a light T-shirt and shorts. BMI was calculated as weight (kg) divided by the square of height (m).
Fasting plasma glucose, serum triglyceride (TG), total cholesterol (TC) and high-density lipoprotein (HDL)-cholesterol (HDL-C) concentrations were measured enzymatically using an autoanalyzer (Olympus 2700, Olympus Medical Systems Corp., Tokyo, Japan). The LDL-cholesterol (LDL-C) level was calculated using the Friedewald equation. Plasma insulin was measured by the electrochemiluminescence immunoassay method using an automated immunoassay analyzer (E170, Roche, Hitachi, Osaka, Japan). The children and their parents had been carefully instructed to fast over a period of at least 12-14 h. Cutoff points above the 95th percentile of healthy children were used to define dyslipidemia and impaired fasting glucose according to international recommendations. 12, 13 The estimate of insulin resistance (prepubertal42.5, pubertal44) was calculated by a homeostasis model assessment (HOMA) index. 14 Pubertal development was assessed by physical examination according to the criteria of Tanner (T) and categorized into 2 groups (prepubertal and pubertal). 15 Blood pressure was measured by one investigator using a validated protocol. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured twice at the right arm after a 10-min rest in the supine position using a calibrated sphygmomanometer. Hypertension was defined as blood pressure values above the 95th percentile for height, age and sex. 16 Echocardiographic SAT and IMT measurement The transthoracic echocardiographic examinations of the cases were carried out using an Acuson Siemens Sequoia C 256 (ABD, Mountain View, CA, USA) echocardiogram with 3.5 and 5 mHz transducers.
Subepicardial adipose tissue was measured as an echo-free space in the pericardial layers by 2-dimensional echocardiography and its thickness was measured on the free wall of the right ventricle from both the parasternal long-and short-axis views at end-diastole for three cardiac cycles as described earlier.
1,4 Measurement of SAT in this region provides a size measure (millimeters) of maximal SAT thickness. The average value from three cardiac cycles for each echocardiographic view was used for the statistical analysis. We measured IMT by B-mode ultrasound using a 14 MHz linear transducer following a standardized protocol. The measurement was performed at the common carotid artery (CCA) near the bifurcation at the far wall. We measured three values on each side and took the maximum value for statistical purposes. The patients were examined in the supine position with the head turned slightly to the side.
Statistical analysis
The SPSS statistical software package (SPSS, version 11.5 for Windows; SPSS Inc., Chicago, IL, USA) was used for statistical analyses. All data were expressed as mean±s.d. To test the normality of the data, the one-sample Kolmogorov-Smirnov test was used. We compared the differences in variables between obese and lean subjects with Student's t-test after ascertaining that the data were distributed normally. Univariate correlation analysis was performed using Pearson's test to identify variables that potentially affected SAT thickness. Variables with a P-value of o0.10 in univariate correlation analysis, together with variables that were related to increased SAT thickness, were included in a multivariate stepwise linear regression analysis model to assess the independent determinants of SAT thickness. The cutoff point of SAT thickness to determine insulin Subepicardial adipose tissue in obese children A Abacı et al resistance was evaluated by Receiver Operating Characteristics (ROC) analysis. Then, the sensitivity and specificity of this cutoff point were calculated. A value of Po0.05 was considered statistically significant.
The study was conducted in accordance with the guidelines proposed in the Helsinki Declaration and was approved by the local ethics committee. Informed consent was obtained from each patient.
Results
The clinical and metabolic characteristics of obese and lean subjects were summarized in Table 1 .
Eleven (23.9%) of the obese subjects had hypertension, 7 (15.2%) hypertriglyceridemia, 7 (15.2%) hypercholesterolemia, 18 (39.1%) increased LDL-C levels, 2 (4.3%) decreased serum HDL-C levels, and 4 (8.6%) of the obese subjects showed impaired fasting glucose. None of the lean subjects had impaired fasting glucose, systolic and diastolic hypertension, whereas 2 (6.6%) subjects had hypertriglyceridemia, 3 (10%) hypercholesterolemia, and 2 (6.6%) increased LDL-C levels.
Obese subjects had significantly higher SAT thickness and carotid IMT values compared with lean subjects (5.7 ± 1.4 vs 3.0 ± 0.7 mm, 0.78 ± 0.15 vs 0.51 ± 0.11 mm, P ¼ 0.001, respectively) ( Table 1) . In obese subjects, SAT thickness was significantly correlated with age, BMI, IMT and SBP (Po0.05) values (Figures 1-3) , whereas it was not significantly correlated with SD score BMI, glucose, insulin, HOMA-IR, TC, TG, LDL-C, HDL-C and DBP values (P40.05) ( Table 2 ). However, IMT was significantly correlated with HOMA-IR and BMI (r ¼ 0.379, P ¼ 0.01, r ¼ 0.520, P ¼ 0.001, respectively), but not with age (r ¼ 0.262, P ¼ 0.07). In lean subjects, SAT thickness and IMT were not correlated with any of the anthropometric and laboratory parameters.
Stepwise backward multiple linear regression analysis confirmed that BMI was the only strongest independent variable correlated with SAT thickness (r 2 ¼ 0.449, P ¼ 0.001) (Table 3 ).
In the obese group, SAT thickness measurements were not significantly different with regard to gender (25 males, 21 females) (5.8±1.4 vs 5.6±1.5 mm, P ¼ 0.596, respectively), but SAT thickness was significantly higher in the pubertal 
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A Abacı et al group (n ¼ 19) when compared with the prepubertal group (n ¼ 27) (6.6 ± 1.5 vs 5.1 ± 1.0 mm, P ¼ 0.01, respectively). In lean subjects, SAT thickness measurements were not significantly different with regard to gender (13 males, 17 females) (3.2 ± 0.9 vs 2.9 ± 0.4 mm, P ¼ 0.773, respectively), but SAT thickness was significantly higher in the pubertal group (n ¼ 16) when compared with the prepubertal group (n ¼ 14) (3.3 ± 0.7 vs 2.7 ± 0.4 mm, P ¼ 0.001, respectively). In the diagnosis of insulin resistance, the area under the curve values were 0.750±0.06 for SAT thickness and 0.793±0.05 for IMT (both P ¼ 0.001) (Table 4) ( Figure 4) . As optimal cutoff points, SAT thickness of 4.1 mm and IMT of 0.7 mm have determined insulin resistance with 90% sensitivity and 61% specificity and 72.7% sensitivity and 61.4% specificity, respectively.
Discussion
Subepicardial adipose tissue is deposited around the heart on the free wall of the right ventricle, left ventricular apex and atrium, and little is known about its pathophysiologic Subepicardial adipose tissue in obese children A Abacı et al mechanism and metabolic roles. 17, 18 It has been suggested that SAT might function as a lipid-storing depot, as an endocrine organ secreting hormones, and as an inflammatory tissue secreting cytokines and chemokines. 17, 19 An association between echocardiographic SAT thickness and anthropometric and laboratory values has been reported in obese adult patient studies. 1, 8, 9, 17 This is the first clinical study indicating that echocardiographic SAT thickness is associated with anthropometric and laboratory parameters in obese children. Iacobellis et al. 1 have suggested that body fat distribution, particularly abdominal fat tissue, is more strongly correlated with SAT. In a few studies, an association between echocardiographic SAT thickness and insulin resistance has been reported in obese adult patients. 8, 20 Another adult study indicated that higher SAT thickness is associated with impaired fasting glucose in non-diabetic men and women. 9 In another study, Iacobellis et al. showed that echocardiographic SAT thickness correlated significantly in multivariate analysis with waist circumference, DBP and fasting insulin, although TGs and HDL cholesterol were not independently related to SAT thickness. 1 On the other hand, Okyay et al. 21 have reported that SAT thickness correlated significantly with age, BMI, fasting glucose and TG levels (r ¼ 0.165, P ¼ 0.01, r ¼ 505, Po0.001, r ¼ 0.335, Po0.001, r ¼ 0.371, Po0.001, respectively). In an autopsy study, a significant but weak correlation with BMI has been reported in normal or ischemic hearts (r ¼ 0.28; Po0.05), but not with hypertrophied hearts. 22 We detected a significant correlation (mean BMI: 39.5±4.7, r ¼ 0.394, P ¼ 0.031) between SAT thickness and BMI values, which were calculated by us from the given data, in the autopsy study performed by Shirani et al. 23 In the medical literature, there has been some controversy whether there is an increase in SAT with age. Tansey et al. 24 measured the SAT thicknesses of 148 patients who died of non-cardiac causes. They found a higher SAT thickness in females than in males and observed an increase in fat thickness with age. Generally, it was suggested that there is likely to be an increase in SAT thickness with increasing age until 20-40 years of age, but thereafter the amount of SAT thickness is not age dependent. 25 In this study, it is detected that SAT thickness showed significant correlation with only age, BMI and SBP. These findings support the notion that SAT thickness starts to increase during childhood and that weight gain accelerates this process. In addition, multivariate regression analysis revealed that only BMI is a strong independent predictor in determining SAT thickness. A number of physiological changes occur during puberty, including insulin resistance, rapid increases in physical size, hormonal fluctuations and marked changes in body composition. [26] [27] [28] In a study, a significant positive trend was observed in both genders according to the pubertal stage for BMI values of subjects similar in age. 29 In another study, significant differences in mean BMI have been shown when comparing children of the same chronological age but in different Tanner stages. 30 In addition to these changes during puberty, physiological insulin resistance was reported in a number of studies. [31] [32] [33] It has been shown that insulin resistance increases significantly by T2, remains constant between T2 and T4, and returns almost to T1 levels by the end of puberty (T5). 34 All of the abovementioned findings shed light on the effects of puberty on BMI and insulin resistance; however, to the best of our knowledge, we did not encounter a study evaluating the effects of puberty on SAT. This study is the first to show that the thickness of SAT in obese and lean pubertal subjects is significantly high with respect to those in prepubertal subjects. In other words, beside the age factor, the hormonal changes during puberty seem to have an effect on SAT thickness. In the study by Okyay et al., the SAT thickness value with best sensitivity (61.7%) and specificity (79.2%) in determining patients with metabolic syndrome was detected at 4.35 mm. In this study, the SAT thickness value with best sensitivity (90%) and specificity (61%) in determining insulin resistance was detected at 4.1 mm. This finding disclosed that SAT thickness equal to or above 4.1 mm might be used for screening purposes in determining insulin resistance in obese children.
Studies in adults revealed associations between IMT, cardiovascular risk factors, such as hypertension and dyslipidemia, and obesity. [35] [36] [37] In addition, increased IMT of the CCA is reported to be predictive and related to the severity and extent of coronary artery disease and strokes in adults. 35, 38 Association between BMI increase and IMT was also shown in obese children. [39] [40] [41] In addition, in our study, it was detected that IMT was not only significantly higher in an obese patient group compared with the control group, but it also correlated significantly with BMI (Po0.05). In the medical literature, significant correlation was reported between SAT and IMT in studies performed on adult patients infected with HIV who are under risk for subclinical atherosclerosis. 42, 43 Furthermore, in our study, it is detected that SAT thickness shows significant correlation with IMT in an obese patient group. Recently, it has been reported that echocardiographic SAT thickness, similar to IMT, is associated with coronary artery disease and metabolic abnormalities in IMT. 1, 5 Consequently, these findings suggest that SAT thickness might be used as a predictive parameter in anticipating future cardiovascular diseases in obese children. Our study has several limitations. The main one is the lack of significant correlation with insulin resistance and SAT thickness, which we attribute to small sample size. Second, we did not measure the skinfold thickness and waist circumference and we also did not evaluate their relation with SAT thickness. And finally, owing to the small sample size, we could not establish separate cutoff values for SAT thickness to determine insulin resistance for prepubertal and pubertal periods.
In conclusion, this is the first clinical study indicating that echocardiographic SAT thickness is correlated with anthropometric and laboratory parameters in obese children. Our
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A Abacı et al study showed that SAT was significantly related to age, BMI and IMT, whereas there was no significant relationship with insulin resistance. However, our findings suggest that a 4.1 mm cutoff of SAT thickness might be used as a simple, inexpensive and non-invasive screening method because of its ability to predict insulin resistance with high sensitivity in obese children.
